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SGD % RAD ANTENNA

V. D. Kuznetsov, Doctor of Technical Scilences
V. K. Paramonov, Candidate of Technical Scilences

A description is gilven of an antenna with
a wide-band active reflector. Recommenda-
tions are given for the conversion of co-
phased tuned antennas into wide-band, and
results are glven from an experimental
check of two antennas, converted from
typical cophased antennas with a tuned
reflector.

A cophased antenna with a wide-band active reflector, the
SGD 4/4 RAD, Jjust as the cophased antenna with a tuned reflector,
the SGD 4/4 R, consists of two similar vibratory arrays which are
separated from each other by one fourth of the center wavelength.
Each array contains eight symmetric vibrators (two four-tier sec-
tions). The antenna 1s supplied with power with the help of a
directional coupler (NO) with a specifi? power shunting coefficient.
The layout for power supply is shown in Figure 1, where: 1 - trans-
mission line from the transmitter, 2 - directional coupler, 3 =-
absorbing line, 4 - downlead feeder lines from the antenna
array, 5 - downlead feeder lines from the reflector array.
This layout for power supply 1s related to the most widespread and

1.
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simple variant, when the antenna does not have either a reverse
switeh or a switch for controlling the radiation pattern. As 1s
evident from the drawing, the downlead feeder lines from both sec-
tions of the antenna and the downlead feeder lines from both sections
of the reflector make a parallel and connect up to the corresponding
outputs of the NO. The transmission line from the transmitter and
the absorbing line are connected up to the remaining ends of the NO.

Figure 1.
Key: (1) Section A-A.

The directional coupler represents two spatially connected
symmetrical double-wire lines. It 1s made out of four sections of

tubing or a rod of equal diameter. The length of the NO is taken
equal to Ao/b, where

8
C=3.10" m/s; f - frequency, Hz; N iorst and Amanc- shortest and longest

wave of the operating band of frequencies, expressed in meters.

The diameter of the tubing of the directional coupler and the
distance between them are selected so that on the wave AO the power
arriving from the transmitter would be divided between the arrays
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of the antenna and the reflector in the ratio of 4/5 to 1/5, and in
thls case the NO would agree from all sides with a resistance egqual
to half of the wave resistance of the downlead feeders.

In typical SGD 4/4 R antennas the downlead feeders have a wave
resistance of 550 or 600 ohms, and in the conversion of such antennas
to SGD 4/4 RAD antennas 1t 1is necessary to calculate the directional
coupler for agreement from all sides correspondingly with a resis-
tance of 275 or 300 ohms.

The dependences between the distances 2h, D and the diameter
of the tubing 2r (Figure 1) for NO with the required shunting coef-
ficient based on power (f-"%-oﬂ) , balanced from all sides with a

resistance of 275 or 300 ohms, are depicted graphically in Figure 2.
»>r
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Figure 2.

These graphs can be used for determining the distance D and the
diameter of the tubing 2r, 1f the distance 2h is assigned, or for
determination of distance 2h and D based on assigned diameter of the
tubing 2r.

The lines connecting the sections of the antenna and reflector
arrays with the NO should have equal electrical lengths with an
accuracy to #0.01 AO' The jumpers between the polnts of connection
in parallel of the downlead feeders and the NO should also have a
wave resistance of 275 or 300 ohms correspondingly and can be made
in the form of segments of the feeder out of multiple-wire cylindri-
cal "sausages."

3.
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The absorbling line with a wave resistance of 275 or 300 ohms
can be made out of 2-millimeter Fechral wire in the form of an
uncrossed six-wire feeder line, a cross section of which is shown
in Figure 3. 1In thls case the dependence between the distances
Dl and D2 is expressed graphically, as 1s shown in this same Figure
3. It 1s necessary to connect conductors of the same sign between
one another with Jumpers which are located at a distance of an order
of %f*%f from each other. The length of the absorbing line should

be no less than 3 XO. The end of the line should be shorted and
grounded.

Figure 4.

Key: (1) Section A-A.




The layout for power supply of the SGD 4/4 RAD antenna with a
switch for controlling the radiation pattern is shown in Figure 4,
where: 1 - transmission line from the transmitter, 2 - NO, 3 -
absorbing lines, 4 - downlead feeder lines from the antenna array,
5 - downlead feeder lines from the reflector array, 6 - switch for
control of the radiation pattern, 7 - lines, connecting switch 6
with the NO. In thls case the NO 1s included between the downleads
of the antenna and the reflector in each of the two sections and 1s
calculated for agreement from both sides with a resistance equal to
the wave resistance of the downlead feeder lines, 1.e., 550 or
600 ohms.

The dependences between the distances 2h, D and the diameter
of the tubing 2r for NO with a shunting coefficlent q°=0.2 are
characterized by the graph shown in Figure 5. As 1s evident from
the graph, in this case the NO can be made out of standard or
bimetallic wire with a diameter of 4-6 mm. The length of the NO
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Figure 5.

The absorbing lines also have a wave resistance of 550 or 600
ohms aid can be made in the form of a four-wire uncrossed feeder
line made out of Fechral wire 2 mm in diameter. The cross section
of such a feeder line and the graph of the dependence of distance
02 on the distance D1 are given in Flgure 6. The analogous wires
of the line are shorted by Jumpers which are located at a distance




%+% from each other. The ends of the absorbing lines are

shorted and grounded. The length of each line is no less than 3 AO.

Figure 6.

The switch for control of the radiation pattern 6 1s hooked up
in such a way that the feeder lines 7, connecting it with the NO,
would be equal to each other in length. The equality of the elec-
trical lengths of llnes 7, as well as that of the downlead feeder
lines 4 and 5, should be malntained with an accuracy to +0.01 AO'

The layout for power supply for the SGD 4/4 RAD antenna with
a reverse switch, but wlthout a switch for control of the radiation
pattern, is shown in Figure 7, where: 1 - transmission line from
the transmitter, 2 - NO, 3 - absorbing line, 4, 5 - downlead feecer
lines from the sections of both antenna arrays, 6 - reverse switch,
7, 8 - lines, connecting the NO with the reverse switch.

In thils layout the reverse switch is hooked up between the NO
from one side and the power supply feeder line and absorbing line
from the other side. A second varlant of the arrangement is pos-
sible, when the reverse switch 1s hooked up between the NO and the
points of connection in parallel of the downlead feeder lines.

With equal conditions preference should be given to the first
variant of the layout (Figure 7), since in this case the requirement
for equality of the electrical lengths of the connecting feeder lines
7 and 8 drops out, while in the second variant its satisfaction is
compulsory.
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Figure 7.

The NO and the absorbing line for the layout shown in Figure 7
are calculated the same as for the layout in Figure 1, i.e., using
the graphs depicted in Figures 2 and 3.

There 1s a more complex arrangement for power supply of the
SGD 4/4 RAD antenna with a reverse switch and a switch for control
of the radiation pattern. This layout is shown in Figure 8, where:
1l - transmission line from the transmitter, 2 - directional couplers,
3 - absorbing lines, 4, 5 - downlead feeder lines, 6 - reverse
switch, 7 - switch for control of the radiation pattern, 8, 9, 10 -
feeder lines, connecting the reverse switches with the NO and
switch 7.

Here, Just as in the previous case, a second variant of the
power supply arrangement 1is possible., It 1s characterized by the
fact that the reverse switches are not hooked up as is shown in
Figure 8, but between the NO and the downlead feeders of the sec-
tions. Apparently in this case also preference should be given to
the first variant,




Figure 8.

The calculation of the NO and the absorbing lines for an antenna

38
with the power supply arrangement depicted in Figure 8 1s done using

-

the graphs presented in Figures 5 and 6, which are related to the
layout given in Figure 4.

The power supply arrangements given above for the SGD 4/4 RAD
antenna, and also the recommendations for fulfillment of the main
elements of the power supply layouts are given relative to the

structural features and electrical parameters of the typica

f
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o

SGD 4/4 R cophased antennas with a tuned reflector in ord
facilitate to the maximum the conversion of such antennas into
wide-band.

Based on recommendations analogous to those glven above, at
one of the radio transmitting stations two typical SGD 4/4 R antennas
were converted into SGD 4/4 RAD antennas, Here one of the antennas,
one which did not have elements for control of the radiation nattern,
was converted using the layout shown in Figure 1. The directional
coupler in this antenna was made out of copper tubing 36 mm in
diameter, and the absorbing line - out of 2-millimeter Fechral wire.
The second antenna had a switch for control of the radiation pattern
and was converted using the layout in Figure 4. The NO was made
out of 6-millimeter copper wire, and the absorbing line - also out
of 2-millimeter Fechral wire.
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Key: (1) MHz.

The electrical characteristics of both antennas were investi-

gated experimentally both before the conversion of the antennas and
after their converslon. Prior to conversion of the antennas their
agreement with the power supply feeder line was measured, i.e., the
traveling-wave ratio (twr), radiation patterns were taken under
different conditions of operation, and the coefficient of protective
action (kzd) was determined. After the conversion the balancing
and efflciency of the antennas were measured, radlation patterns
were taken under the same conditions of operation as prior to the
conversion, the kzd of the antennas was determined, and the
capacity of the antennas to accommodate the required power was tested.
Measurements on each antenna were carried out in a range of frequen-
cles, with a certain reserve embracing the nominal operating range
of frequencles for the particular antenna. Prior to conversion of
the antennas the measurements on each of the frequenciles was preceded
by a careful tuning of the antenna on the minimum back emission.
The measurements after the conversion were made on all the frequen-
cles without any tuning of the antennas. All the measurements were
made by the same workers using the same equipment (standard set of
equipment for measurements and tuning of antennas "KINA").
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The measurements showed that the radlation pattern for the
SGD 4/4 RAD antenna both in form and in width (on half power) were
practically no different from the corresponding radiatlon patterns
for the SGD 4/4 R antenna, tuned on the minimum back emission.

In Figures 9 and 10 the broken line indicates the results of
measurement of the twr (K) and the kzd (&), obtalned on the two
antennas mentioned prior to thelr conversion (SGD 4/4 R), and the
solld line - the twr, kzd and efficlency (n), obtained after the
conversion (SGD 4/4 RAD). It is evident from these drawings that
the protective action of the SGD 4/4 RAD antenna is practically no
different from the protective action of the SGD 4/4 R under the
condition that the latter 1is tuned for the best kzd on each frequen-
cy. Balancing of the SGD 4/4 RAD antenna on the whole 1s somewhat
better than for the SGD 4/4 R. The efficiency of the SGD &4&,/4 RAD
antenna 1in the greater part of the operating range of frequencies
has a magnitude of 90% and higher, and only on the edge of the long-
wave range it drops to 70-80%.

The check of the capacity of the SGD 4/4 RAD antenna to accom-
modate the required power was made on different frequencies of the
range. A transmitter with a power of 100 kW in the mode of 100%
modulation was hooked up to the antenna. In thils case no flares,
sparking or heatling up were detected even in wet, rainy weather.

Thus 1t follows from the results of the measurements glven above
that the SGD 4/4 RAD antenna operates satisfactorily without any
tuning in the same frequency range as the corresponding SGD 4/4 R
under the condition that 1t was tuned on each of the frequenciles.
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